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Abstract 

TMs study was designed to investigate the inhibitoiy effects of Perilla frutescens (L.) Britton var. frutescem 
extract on the production of inflammation-related mediators (NO, ROS, NF-kB, iNOS and COX-2) and pro-in- 
flammatoiy cytokines (TNF-a, IL-ip, 11^6) in lipopolysaccharide-stimulated RAW 264.7 macrophages. Perilla 
fintescents (L.) Biitton var. frutescens was air-dried and extracted with ethanol. The extract dose-dependenfly 
decreased the generation of intracellular reactive oxygen species and dose-dependently increased antioxidant en- 
zyme activities, such as superoxide dismutase, catalase and glutathione peroxidase in lipopolysaccharide stimulated 
RAW 264.7 macrophages. Also, Perilla frutescens (L.) Britton var. frutescens extract suppressed NO production 
in Upopolysaccharide-stimulated RAW 264.7 cells. The expressions of pro-inflammatoiy cytokines (TNF-a, Hj-ip 
and IL-6), NF-kB, UVOS and COX-2 were inhiMted by the treatment with the extract Thus, this study shows 
the Perilla frutescens (L.) Britton var. frutescens extract could be useful for inhibition of the inflammatoiy process. 
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INTRODUCTION 

Inflammatory response is characterized by the abun- 
dant production of NO and cytokines, such as IL-6 and 
TNF-a. The pathogenesis of inflammation is a complex 
process between cells in the immune system, which is 
regulated by cj^okine networks, and many pro-in- 
flammatory genes. Furthermore, the release of pro-in- 
flammatory cytokines by macrophages regulates inflam- 
matory responses (1). Accordingly, these proinflamma- 
tory mediators have been considered important targets 
for the development of anti-inflammatory agents (2,3). 

Macrophages play an important role in inflammatory 
disease through the release of factors that are involved 
in the inflammation response, such as reactive oxygen 
species (ROS) and cytokines. Production of these macro- 
phage mediators has been determined in many in- 
flartmiatory tissues following exposure to many stimu- 
lants, including bacterial endotoxin lipopolysaccharide 
(LPS) (4,5). LPS has been commonly used as an inflam- 
matory stimulus in numerous studies involving macro- 
phages. LPS has been reported to induce NO and ex- 
pression of many inflammatory factors such as IL-lp, 
IL-6, TNF-a, inducible nitric oxide synthase (iNOS) and 
cyclooxygenase (C0X)-2, through the activation of tran- 
scription factor NF-kB (6,7). Overproduction of NO in- 
duced by LPS through iNOS can reflect the degree of 
inflammation, and iNOS induction provides a means of 



assessing the effect of agents on the inflammatory proc- 
ess (8). NF-kB plays critical roles in the coordination 
of the expression of proinflammatory mediators and cy- 
tokines, including COX-2, TNF-a, and IL-ip (9). 

Plant-derived phytochemicals with potential anti-in- 
flammatory activity are an important and promising 
group of agents because of their low toxicity and appa- 
rent benefit in acute and chronic diseases (10). Previous 
studies of Perilla frutescens varieties indicated these 
plants contain antioxidant, anti-allergic and anti-tumor 
promoting substances (11-13); however, most of the 
studies have been accomplished specifically with Perilla 
frutescens (L.) Britton which is a Japanese plant called 
'chajoki'. In this study, we used the Perilla frutescens 
(L.) Britton var. frutescens which is an annual herba- 
ceous plant found in northeast Asia, with thes Korean 
name of kkaennip. Both are vegetables and their appear- 
ances are similar, but Perilla frutescens (L.) Britton is 
a kind of herb, while Perilla. frutescens (L.) Britton var 
frutescens belongs to the green vegetable group. Al- 
though Perilla. frutescens (L.) Britton var. frutescens has 
been studied for antitumor activity, diabetes and anti- 
oxidant activity (14-16), there is currently little data 
about its anti-inflammatory effects. Therefore, this study 
evaluated the anti-inflammatory effect of Perilla fru- 
tescens (L.) Britton var. frutescens in LPS-stimulated 
RAW 264.7 macrophages. 
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MATERIALS AND METHODS 
Preparation of PFE 

Perilla. frutescens (L.) Britten var. frutescens (P. fru- 
tescens) was purchased from Miryang, Korea. P. fru- 
tescens was air-dried for 3 days and then ground to 200 
mesh. The ground P. frutescens was extracted 3 times 
with 70% ethanol, filtered, the ethanol removed under 
reduced pressure by rotary evaporator and the extracts 
were concentrated under vacuum (the extract is called 
PFE). While the processing the extract, we ensured LPS 
was not a contaminant. 

Cell culture and treatment 

Mouse macrophage RAW 264.7 cells were cultured 
in Dulbecco's modified Eagle Medium (DMEM) supple- 
mented with 10% fetal bovine serum (FBS), 100 U/mL 
of penicillin and 100 ng/mL of streptomycin at 37''C 
in 5% C02/95% air. Cells in 96 well plates (2 X lO"^ 
cells/well) were treated with the PFE (10, 25, 50, 100 
|xg/mL) for 2 hr, and then incubated with LPS (1 |xg/mL) 
for 20 hr. 

Cell viability 

Cell viabiHty was assessed using a modified MTT as- 
say (17). Briefly, cells (2x 10 cells/well) were seeded 
in a 96 well plate and treated with PFE. Following treat- 
ment, 100 \\L of MTT solution (5 mg/mL in phosphate 
buffered saline) was added to each well and further in- 
cubated for 4 hr at 37°C. Subsequently, 1 00 |iL of di- 
methyl sulfoxide (DMSO) was added to each well to 
solubilize any deposited formazon. The optical density 
(OD) of each well was measured at 540 nm with a mi- 
croplate reader. 

Measurement of intracellular ROS level 

Intracellular ROS levels were measured by the 2',7'- 
dichlorofluorescein diacetate (DCF-DA) assay (18). 
DCF-DA can be deacetylated in cells, where it can react 
quantitatively with intracellular radicals to convert into 
its fluorescent product, DCF, which is retained within 
the cells. Therefore, DCF-DA was used to evaluate the 
generation of ROS in oxidative stress. Cells (2x10^ 
cells/well) were seeded in a 96 well plate and pre-in- 
cubated with various concentrations (10, 25, 50, 100 (j,g/ 
mL) of PFE for 2 hr in humidified atmosphere contain- 
ing 5% CO2 at 37''C. After 2 hr of incubation, the cells 
were incubated with LPS (1 ng/mL) for 20 hr. Thereaf- 
ter, the medium was removed and the cells were washed 
twice with phosphate buffered saline (PBS, pH 7.4) and 
then were incubated with 5 \xm DCF-DA for 30 min 
at room temperature. Fluorescence was measured using 
a fluorescence plate reader. 



Measurement of antioxidant enzyme activities 
Cells (2x10^ cells/well) in a 96 well plate were pre-in- 
cubated with various concentrations (10, 25, 50, 100 |.ig/ 
mL) of PFE for 2 hr, then further incubated with LPS 
for 20 hr. The medium was removed and the cells were 
washed twice with PBS. One mL of 50 mmol/L potas- 
sium phosphate buffer with 1 mmol/L EDTA (pH 7.0) 
was added and the cells were scraped. Cells suspensions 
were sonicated three times for 5 sec on ice each time, 
then cell sonicates were centrifiiged at 10,000 Xg for 20 
min at 4°C. Cells supematants were used for measuring 
antioxidant enzyme activities. The protein concentration 
was measured by using the method of Bradford (19) with 
bovine serum albumin as the standard. Superoxide dis- 
mutase (SOD) activity was determined by monitoring 
the auto-oxidation of pyrogallol. A unit of SOD activity 
was defined as the amount of enz5mie that inhibited the 
rate of oxidation of pyrogallol. Catalase activity was 
measured according to method of Aebi (20) by following 
the decreased absorbance of H2O2. The decrease of ab- 
sorbance at 240 nm was measured for 2 min. Standards 
containing 0, 0.2, 0.5, 1 and 2 mmol/L of H2O2 were 
used for the standard curve. Glutathione peroxidase (GSH- 
px) activity was measured by using the method of 
Lawrence and Burk (21). One unit of GSH-px defined as 
the amount of enz5mie that oxidized 1 nmol of NADPH 
consumed per minute. 

Measurement of NO level 

Cells (2X10 cells/well) were seeded in a 96 well plate 
and pre-incubated with the indicated concentrations of 
PFE in humidified atmosphere containing 5% CO2 at 37 
"C for 2 hr. After 2 hr of incubation, the cells were in- 
cubated with LPS (1 |xg/mL) for 20 hr. Thereafter, each 
50 fiL of culture supernatant was mixed with an equal 
volume of Griess reagent [0.1% N-(l-naphthyl)-ethyle- 
nediamine, 1% sulfanilamide in 5% phosphoric acid] and 
incubated at room temperature for 10 min. The absorb- 
ance at 550 nm was measured in a microplate absorbance 
reader, and a series of known concentration of sodium 
nitrite was used as a standard (22). 

Total and nuclear protein extracts 

Cells were homogenized with ice-cold lysis buffer 
containing 250 mM NaCl, 25 mM Tris-HCl, 1% v/v 
NP-40, 1 mM DTT, 1 mM PMSF and protease inhibitor 
cocktail. The cells were then centrifuged at 20,000 Xg 
for 15 min at 4°C. The supematants were used as total 
protein extracts. For nuclear protein extracts, cells were 
homogenized with ice-cold lysis buffer containing 50 
mM Tris-HCl, 10 mM MgCb, 15 mM CaCk, 1.5 M su- 
crose, 1 mM DTT, and protease inhibitor cocktail. Then, 
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the cells were centrifuged at 1 1,000 Xg for 20 min at 
4°C. The supematants were resuspended with extraction 
buffer containing 20 mM HEPES, 1.5 mM MgCb, 0.42 
M NaCl, 0.2 mM EDTA, 25% v/v glycerol, 10 mM DTT 
and protease inhibitor cocktail. The samples were shaken 
gently for 30 min and centrifuged at 21,000 Xg for 5 min 
at 4°C. The pellets were used as nuclear protein extracts. 
The total and nuclear protein contents were determined 
by the Bio-Rad protein kit with BSA as the standard. 

Western blotting 

TNF-a, IL-ip, IL-6, iNOS and COX-2 expression and 
NF-kB p65 DNA binding activity were determined by 
Western blot analysis. Total protein for TNF-a, IL-ip, 
IL-6, iNOS, COX-2 protein levels and nuclear protein 
for NF-kB were electrophoresed through a 10% sodium 
dodecyl sulfate-polyacrylamide gel. Separated proteins 
were transferred electrophoreticaUy to a pure nitrocellu- 
lose membrane, blocked with 5% skim miUc solution for 
1 hr, and then incubated with primary antibodies over- 
night at 4°C (23). After washing the blots, they were 
incubated with goat anti-rabbit or goat anti-mouse IgG 
HRP conjugated secondary antibody for 1 hr at room 
temperature. Each antigen-antibody complex was vi- 
sualized using ECL Western blotting detection reagents 
and detected by chemiluminescence with LAS- 1000 
plus. Band densities were determined by an image ana- 
lyzer ATTO densitograph and normalized to P-actin for 
total protein and nuclear protein. 

Statistical analysis 

The data were represented as mean±SD. The statistical 
analysis was performed using SAS software. Analysis 
of variance was performed using ANOVA procedures. 
Significant differences (p<0.05) between the means were 
determined by Duncan's multiple range test. 

RESULTS AND DISCUSSION 
Cell viability 

As shown in Fig. 1, RAW 264.7 cells viabUity showed 
that PFE had no effect on the viability at the concen- 
trations of 0 ~ 1 000 |ig/mL. 

Intracellular ROS generation 

Inflammatory reactions induce the production of re- 
active oxygen species (ROS) and chronic ROS pro- 
duction can induce a chronic inflammatory reaction (24). 
LPS significantly increases ROS generation in RAW 
264.7 cells (p<0.05); however, PFE significantly reduced 
LPS-generated ROS in dose-dependent manner, as shown 
in Fig. 2. PFE at concentrations of 10, 25, 50, and 100 
|ig/mL reduced the intracellular ROS levels to 157.49%, 
147.52%, 124.06%, 109.13%, respectively, compared 




(jig/mL) 

Fig. 1. Effects of PFE on viability in RAW 264.7 cells. Cells 
studied in 96-well plates (2 X 10'* cells/well) were first incubat- 
ed with and without indicated concentrations of PFE for 20 
hr. Each value is expressed as mean±SD in triplicate experi- 
ments. PFE: Perilla frutescens (L.) Britten var. frutescens 
extracts. 
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Fig. 2. Effects of PFE on intracellular ROS levels in LPS- 
stimulated RAW 264.7 cells. Cells (2x lO'' cells/well) in 96- 
well plates were first incubated with or without indicated con- 
centrations of PFE for 2 hr, and then incubated with LPS (1 
jig/mL) for 20 hr. Untreated is negative control without LPS 
treatment. Each value is expressed as mean±SD in triplicate 
experiments. '''Values with different alphabets are significantly 
different at p<0.05 as analyzed by Duncan's multiple range 
test. PFE: Perilla frutescens (L.) Britton var. frutescens extracts. 

with LPS alone. High ROS levels induced oxidative 
stress and inflammatory reactions, which can result in 
a variety of biochemical and physiological lesions. Thus 
ROS is important mediator that provokes or sustain in- 
flammatory processes; neutralization of ROS by anti- 
oxidants and radical scavengers can attenuate inflamma- 
tion (25). 

Antioxidative enzyme activities 

It is commonly accepted that the central feature of 
inflammation is the activation of cells that S3mthesize 
and release large amounts of ROS (26). The importance 
of antioxidant enzymes is the prevention of oxidative 
stresses by scavenging of ROS. The antioxidant system 
is comprised of several enzymes, such as SOD, catalase 



112 Hyun-Ah Lee and Ji-Sook Han 



Table 1. Effects of PFE on antioxidant enzyme activities in LPS-stimulated RAW 264.7 cells 





Untreated 




PFE (ng/mL) + LPS (1 jig/mL) 






0 


10 25 50 


100 


SOD (|a,M/mg protein/min) 
Catalase (|a,M/mg protein/min) 
GSH-px (unit/mg protein) 


30.04 + 2.4f 
0.29 + 0.02'' 
2.90 ±0.27'' 


14.35±3.16'' 

o.i8±o.or 

2.28 ±0.16"" 


14.56±2.98'' 20.15±5.29'' 56.37±3.0l'' 
0.29±0.06'' 0.37±0.09" 0.52±0.18'' 
2.52 ±0.27" 2.57 ±0.20"" 2.76 ±0.28" 


75.46±4.12' 
0.73 ±0.16" 
3.37±0.15" 



Cells (2 X lO"* cells/well) in 96-well plates were first incubated witti or wittiout indicated concentrations of PFE for 2 hr, and 
then incubated with LPS (I |j,g/mL) for 20 hr. Untreated is negative control without LPS treatment. 
"'"Values with different alphabets in a row are significantly different at p<0.05 as analyzed by Dxmcan's multiple range test. 
SOD: superoxide dismutase, GSH-px: glutathione peroxidase, PFE: Perilla frutescens (L.) Britton var. frutescens extracts. 



and GSH-px (27). SOD is an enzyme that has anti-in- 
flammatory capacity because of its ability to scavenge 
the superoxide free-radical (28). SOD catalyzes the con- 
version of superoxide anion (O2 ) to hydrogen peroxide 
(H2O2), and H2O2 is fiirther reduced to H2O by the activ- 
ity of catalase or glutathione peroxidase. SOD plays a 
role as a second messenger in the production of in- 
flammatory cytokines and SOD mimetics are known to 
inhibit cytokine production, including TNF-a, IL-ip and 
IL-6 as shown in inflammatory models (29). As shown 
in Table 1, the activity of SOD was decreased by LPS, 
with untreated cells having 30.04 ±2.41 |iM/mg protein 
while LPS-only cells had 14.35 ±3. 16 |xM/mg protein, 
an effect that was significantly reversed by the addition 
of PFE (p<0.05), with values langing from 14.56 ±2.98, 
20.15±5.29, 56.37±3.01, and 75.46±3.01 \MJmg pro- 
tein with the addition of 10, 25, 50 and 100 |ig/mL PFE, 
respectively. 

Catalase might cause anti-inflammatory effects by de- 
stroying hydrogen peroxide and by preventing formation 
of other cytotoxic oxygen species. Also, catalase affects 
the expression of genes influencing inflammation in vitro 
and in vivo (30). As shown in Table 1, the activity of 
catalase in the cells was significantly increased (p<0.05) 
by PFE treatment, with results ranging from 0.29 ±0.06 
to 0.73 ±0.1 6 |xM/mg protein, with the addition of 10 
and 100 pM/mg PFE, respectively. 

GSH-px are a family of intracellular antioxidant en- 
zymes that reduce H2O2 and organic hydroperoxides by 
oxidizing glutathione. These enzymes play a critical pro- 
tective role in the detoxification of ROS produced during 
inflammation (31). Normally, oxygen free radicals are 
excessively generated during the inflammatory process, 
and the various roles of antioxidant enzymes help to alle- 
viate the inflammation response by overexposed ROS. 
In this experiment, the GSH-px activity in the RAW 
264.7 cells showed a significant increase (p<0.05) upon 
treatment with PFE at 10, 25, 50 and 100 |xg/mL, result- 
ing in 2.28 ±0.27, 2.57 ±0.20, 2.76 ±0.28, 3.37 ±0.15 
unit/mg protein respectively. 

Therefore, these data indicate that tteatment of LPS- 



stimulated RAW 264.7 cells with PFE enhances anti- 
oxidant enzyme activities that may be helpftil in attenuat- 
ing inflammation. 

NO production 

Nitric oxide (NO) mediates a variety of physiological 
and pathological processes, including inflammatory re- 
action. The increased production of NO is harmful, lead- 
ing to a chronic inflanmiation condition (32). The most 
prominent phenomenon in the process of inflammation 
is the increase of NO and pro-inflammatory cytokines. 
NO is known to act as an intracellular messenger that 
involves in promoting inflammatory responses in many 
cases (33,34). The effect of PFE on NO production in 
LPS-stimulated RAW 264.7 cells is shown in Fig. 3. LPS 
significantly increased NO production in RAW 264.7 
cells. In the presence of LPS, PFE significantly reduced 
NO production in a dose-dependent manner. The in- 
hibitory activity on NO production of PFE was sig- 
nificantly decreased (p<0.05) vwth increasing PFE addi- 
tion: with 10, 25, 50 and 100 ng/mL PFE, NO production 
was 158.80%, 127.21%, 98.14%, 92.62%, respectively, 

250 r 
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Fig. 3. Effects of PFE on NO production in LPS-stimulated 
RAW 264.7 cells. Cells (2x 10 cells/well) in 96-well plates 
were first incubated with or without indicated concentrations 
of PFE for 2 hr, and then incubated with LPS (1 |J,g/mL) for 
20 hr. Untreated is negative control without LPS treatment. 
Each value is expressed as mean±SD in triplicate experi- 
ments. """Values with different alphabets are significantly dif- 
ferent at p<0.05 as analyzed by Dimcan's multiple range test. 
PFE: Perilla frutescens (L.) Britton var. frutescens extracts. 
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compared with LPS treatment alone. In this study, PFE 
effectively decreased NO production, indicating PFE 
might be useful to suppress the inflammatory process. 

Effects of PFE on TNF-o, n^ip and expression 

Inflammation is related to the overproduction of in- 
flainmatory mediators (NO) and proinflammatory cyto- 
kines such as TNF-a, IL-ip and IL-6. IL-ip, IL-6 and 
TNF-a are critical in the inflammatory network (35). LPS 
stimulates macrophages to release TNF-a, which then 
induces release of IL-ip and IL-6 (36). In this way, TNF- 
a induces inflainmation (37). IL-6 is a pivotal pro-in- 
flaminatory cytokine synthesized mainly by macrophages. 
It plays a role in the acute-phase inflammation response 
(37). IL-ip is also considered to be a pivotal pro-inflain- 
matory cytokine, primarily released by macrophages, and 
enhances the inflammatory response (38). The inhibitory 
effects of PFE on TNF-a, IL-ip and IL-6 production in 
LPS-stimulated RAW 264.7 cells are shown in Fig. 4. 
In this study, the production of TNF-a, IL-ip and IL-6 
was increased in LPS-stimulated cells. Treatment of the 
cells with PFE significantly decreased (p<0.05) the ex- 
pression of TNF-a, IL-ip and IL-6 in LPS-stimulated 
RAW 264.7 cells. 



In the present study, the production of TNF-a, IL-ip 
and IL-6 increased when RAW 264.7 cells were stimu- 
lated by LPS but the production of these inflammatory 
factors was inhibited in the presence of PFE. These re- 
sults indicate that PFE has an inhibitory effect on the 
inflammation process. 

Effects of PFE on NF-kB, iNOS and COX-2 ex- 
pressions 

As shown in Fig. 5, the production of inflammatory 
mediators was significantly increased in the presence of 
LPS. Treatment with PFE suppressed LPS-stimulated ex- 
pression of NF-kB p65 in RAW 264.7 cells. This sup- 
pression of PFE was correlated with down-regulation of 
iNOS and COX-2. NF-kB is a pleiotropic regulator of 
various genes involved in immune and inflammatory 
responses. It has been shown that NF-kB activation is 
a key factor in the production of iNOS, COX-2 and vari- 
ous cytokines in macrophages in response to LPS (39, 
40). iNOS and COX-2 were increased in LPS-stimulated 
RAW 264.7 cells, but, by treatment with PFE, those ex- 
pressions were decreased (p<0.05) in a dose-dependent 
manner (Fig. 5). iNOS and COX-2 are known to produce 
pro-inflammatory mediators, such as NO, at inflamma- 
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Fig. 4. Inhibitory effects of PFE on TNF-a, IL-1|3 and IL-6 production in LPS-stimulated RAW 264.7 cells. Equal amounts 
of cell lysates (30 |.ig) were subjected to electrophoresis and analyzed for TNF-a, IL-ip and IL-6 activity by Western blot 
analysis. The cells were first incubated with or without indicated concentrations of PFE for 2 hr, and then incubated with 
LPS (1 |ig/mL) for 20 hr. Each value is expressed as mean±SD (n=3). ''"''Values with different alphabets are significantly 
different at p<0.05 as analyzed by Duncan's multiple range test. PFE; Perilla frutescens (L.) Britton var. frutescens extracts. 
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Fig. 5. Inhibitory effects of PFE on NF-kB, iNOS and COX-2 levels in LPS-stimulated RAW 264.7 cells. Equal amounts 
of cell lysates (30 p.g) were subjected to electrophoresis and analyzed for NF-kB, iNOS and COX-2 activity by Western blot 
analysis. The cells were first incubated with or without indicated concentrations of PFE for 2 hr, and then incubated with 
LPS (1 ixg/mL) for 20 hr. Each value is expressed as mean±SD (n=3). "'"''Values with different alphabets are significantly 
different at p<0.05 as analyzed by Duncan's multiple range test. PFE: Perilla frutescens (L.) Britton var. frutescens extracts. 



tory sites. In particular, iNOS stimulates the oxidative 
deamination of L-arginine to produce NO, a potent pro- 
inflaiTimatory mediator. COX-2 is another enzyme that 
plays a key role in the mediation of inflammation by 
stimulating the biosynthesis of prostaglandins (41). In 
this study, PFE restricts the production of inflammatory 
mediators such as NF-kB p65, iNOS and COX-2 expres- 
sions in RAW 264.7 cells, hence PFE may attenuate the 
process of inflammation. 

In conclusion, the present study demonstrates that PFE 
decreased intracellular ROS levels and increased anti- 
oxidant enzyme activities. Also, PFE restricted pro- 
duction of NO, as well as decreased expression of pro-in- 
flammatory cytokines (TNF-a, IL-ip and IL-6) and in- 
flammatory mediators (iNOS and COX-2) in LPS-stimu- 
lated RAW 264.7 cells. Thus, this study suggests PFE 
might be an effective inhibitor of the inflammation process. 
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